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(57) ABSTRACT 

A method of transmitting a sounding reference signal 
includes generating a physical uplink control channel 
(PUCCH) carrying uplink control information on a subframe, 
the subframe comprising a plurality of SC-FDMA(single car 
rier-frequency division multiple access) symbols, wherein 
the uplink control information is punctured on one 
SC-FDMA symbol in the subframe, and transmitting simul 
taneously the uplink control information on the PUCCH and 
a sounding reference signal on the punctured SC-FDMA 
symbol. The uplink control information and the sounding 
reference signal can be simultaneously transmitted without 
affecting a single carrier characteristic. 
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METHOD OF TRANSMITTING SOUNDING 
REFERENCE SIGNAL IN WIRELESS 

COMMUNICATION SYSTEM 

TECHNICAL FIELD 

0001. The present invention relates to wireless communi 
cation, and more particularly, to a method of transmitting a 
Sounding reference signal in a wireless communication sys 
tem. 

BACKGROUND ART 

0002. In next generation wireless communication sys 
tems, multimedia data can be transmitted with high quality at 
a high speed under limited radio resources. To achieve this, 
spectral efficiency needs to be maximized since a radio chan 
nel has a limited bandwidth. In addition, inter-symbol inter 
ference and frequency selective fading, which occur during 
high-speed transmission, need to be overcome. 
0003. In order to improve performance of the wireless 
communication system, a closed-loop transmission scheme 
using channel condition between a base station (BS) and a 
user equipment (UE) has been introduced. An adaptive modu 
lation and coding (AMC) Scheme improves link performance 
by adjusting modulation and coding scheme (MCS) by using 
feedback of channel condition information. 
0004. In general, the UE informs the BS of downlink chan 
nel condition in a well-known format, e.g., a channel quality 
indicator (CQI). The BS can receive the downlink channel 
condition from all UEs and perform frequency selective 
scheduling. To perform the frequency selective scheduling in 
uplink, the BS has to know uplink channel condition. 
0005. A reference signal is used to estimate the channel 
condition. The reference signal is previously known to both 
the BS and the UE, and is also referred to as a pilot. An uplink 
reference signal has two types of signals, i.e., a demodulation 
reference signal and a sounding reference signal. The 
demodulation reference signal is used to estimate a channel 
for data demodulation. The Sounding reference signal is used 
in user scheduling irrespective of data transmission. 
0006 A variety of uplink control signal is transmitted on 
uplink control channel. Examples of the uplink control signal 
are an acknowledgment (ACK)/not-acknowledgement 
(NACK) signal used to perform hybrid automatic repeat 
request (HARO), a channel quality indicator (CQI) indicating 
downlink channel quality, a precoding matrix index (PMI), a 
rank indicator (RI), etc. 
0007 Uplink transmission is performed by the UE. Thus, 

it is important for the UE to have low peak-to-average power 
ratio (PAPR) in order to decrease battery consumption. For 
this, a modulation scheme having a single carrier character 
istic can be used in uplink transmission. The Sounding refer 
ence signal is not related to uplink control signal. Therefore, 
when the Sounding reference signal is transmitted on the 
uplink control channel, it is difficult to preserve the single 
carrier characteristic. In addition, if the uplink control signal 
and the Sounding reference signal are separately transmitted, 
it is difficult to improve spectral efficiency. 

DISCLOSURE OF INVENTION 

Technical Problem 
0008. A method is sought for transmitting a sounding ref 
erence signal together with uplink control signal in a wireless 
communication system. 
Technical Solution 

0009. In an aspect, a method of transmitting a sounding 
reference signal in a wireless communication system is pro 
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vided. The method includes generating a physical uplink 
control channel (PUCCH) carrying uplink control informa 
tion on a subframe, the subframe comprising a plurality of 
SC-FDMA(single carrier-frequency division multiple 
access) symbols, wherein the uplink control information is 
punctured on one SC-FDMA symbol in the subframe, and 
transmitting simultaneously the uplink control information 
on the PUCCH and a sounding reference signal on the punc 
tured SC-FDMA symbol. 
0010. The subframe may be composed of two slots, and 
the PUCCH may use one resource block in each of the two 
slots in the subframe. The uplink control information may be 
spread by orthogonal sequences with different lengths in each 
of the two slots in the subframe. 
0011. In still another aspect, a method of transmitting a 
Sounding reference signal in a wireless communication sys 
tem is provided. The method includes generating a physical 
uplink control channel (PUCCH) carrying uplink control 
information on a subframe, the Subframe comprising a first 
slot and a second slot, a slot comprising a plurality of SC 
FDMA symbols, the uplink control information spread by a 
first orthogonal sequence in the first slot and a second 
orthogonal sequence in the second slot, wherein the length of 
the first orthogonal sequence is shorter than that of the second 
orthogonal sequence; and transmitting the uplink control 
information on the PUCCH and the sounding reference signal 
on a SC-FDMA symbol of the first slot. 
0012. The first orthogonal sequence may be selected from 
a set of orthogonal sequences {(1, 1, 1), (1, e'", e"), (1, 
e'", e'")}, and the second orthogonal sequence may be 
selected from a set of orthogonal sequences {(1, 1, 1, 1), (1, 
-1, 1,-1), (1, -1, -1, 1)} 
0013. In still another aspect, a method of receiving a 
Sounding reference signal in a wireless communication sys 
tem is provided. The method includes receiving uplink con 
trol information on a physical uplink control channel 
(PUCCH), the PUCCH comprising a plurality of SC-FDMA 
symbols, wherein one SC-FDMA symbol is punctured, and 
receiving a sounding reference signal on the punctured SC 
FDMA symbol. 

Advantageous Effects 

0014 Uplink control information and a sounding refer 
ence signal can be simultaneously transmitted without affect 
ing a single carrier characteristic, thereby reducing battery 
consumption of a user equipment. In addition, spectral effi 
ciency can be improved, and a scheduling overhead due to the 
transmission of the Sounding reference signal can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram of a transmitter according 
to an embodiment of the present invention. 
0016 FIG. 2 is a block diagram of a signal generator 
according to a single carrier-frequency division multiple 
access (SC-FDMA) scheme. 
0017 FIG. 3 shows a structure of a radio frame. 
0018 FIG. 4 shows an example of a resource grid for one 
uplink slot. 
0019 FIG. 5 shows a structure of an uplink subframe. 
0020 FIG. 6 shows a structure of an acknowledgment 
(ACK)/not-acknowledgement (NACK) channel in a sub 
frame. 
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0021 FIG. 7 shows a structure of a channel quality indi 
cator (CQI) channel in a subframe. 
0022 FIG. 8 shows an example of a subframe for trans 
mitting a Sounding reference signal. 
0023 FIG.9 shows a structure of an ACK/NACK channel 
that can be transmitted simultaneously with a sounding ref 
erence signal. 
0024 FIG. 10 shows a structure of a COI channel that can 
be transmitted simultaneously with a Sounding reference sig 
nal. 
0025 FIG. 11 shows an example of simultaneous trans 
mission of a sounding reference signal and ACK/NACK 
information in a subframe. 
0026 FIG. 12 shows an example of two-types of physical 
uplink control channels (PUCCHs). 
0027 FIG. 13 shows an example for describing a case 
where a user equipment (UE) can know the presence of Sig 
naling from a base station (BS) without the aid of other 
elements and an opposite case. 
0028 FIG. 14 shows an example of a case where a type-1 
control channel and a type-2 control channel do not coexist in 
one subframe. 
0029 FIG. 15 shows another example of a case where a 
type-1 control channel and a type-2 control channel do not 
coexist in one subframe. 
0030 FIG. 16 shows an example for describing different 
types of operations. 
0031 FIG. 17 is a flow diagram of a method of transmit 
ting a signal reference signal by using a Sounding indicator. 
0032 FIG. 18 shows an example of coexistence between a 
type-1 control channel and a type-2 control channel in one 
subframe. 
0033 FIG. 19 shows another example of coexistence 
between a type-1 control channel and a type-2 control chan 
nel in one subframe. 
0034 FIG. 20 shows an example of a scheduling method 
performed by a BS. 
0035 FIG. 21 shows an example of transmission of a 
signal reference signal with respect to 4 UE groups. 
0036 FIG. 22 shows an example of transmission of a 
signal reference signal with respect to 9 UE groups. 
0037 FIG. 23 shows another example of transmission of a 
signal reference signal with respect to 9 UE groups. 
0038 FIG. 24 shows an example of transmission of a 
signal reference signal. 
0039 FIG. 25 shows another example of transmission of a 
signal reference signal. 
0040 FIG. 26 shows a type-1 control channel and a type-2 
control channel when using a COI channel. 
0041 FIG. 27 shows an example of simultaneous trans 
mission of a COI and a signal reference signal. 
0042 FIG. 28 shows another example of simultaneous 
transmission of a COI and a signal reference signal. 

MODE FOR THE INVENTION 

0043. In the following disclosure, downlink represents a 
communication link from a base station (BS) to a user equip 
ment (UE), and uplink represents a communication link from 
the UE to the BS. In downlink, a transmitter may be a part of 
the BS, and the receiver may be a part of the UE. Inuplink, the 
transmitter may be a part of the UE, and a receiver may be a 
part of the BS. The UE may be fixed or mobile, and may be 
referred to as another terminology. Such as a mobile station 
(MS), a user terminal (UT), a subscriber station (SS), a wire 
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less device, etc. The BS is generally a fixed station that com 
municates with the UE and may be referred to as another 
terminology, such as a node-B, a base transceiver system 
(BTS), an access point, etc. There are one or more cells within 
the coverage of the BS. 
0044 FIG. 1 is a block diagram of a transmitter according 
to an embodiment of the present invention. 
0045 Referring to FIG. 1, a transmitter 100 includes a 
Sounding reference signal generator 110, a control channel 
generator 120, a data processor 130, a physical resource map 
per 140, and a signal generator 150. 
0046. The sounding reference signal generator 110 gener 
ates a Sounding reference signal. A reference signal has two 
types of signals, i.e., a demodulation reference signal and the 
Sounding reference signal. The demodulation reference sig 
nal is used in channel estimation for data demodulation. The 
Sounding reference signal is used in uplink scheduling. A 
reference signal sequence used by the demodulation refer 
ence signal may be the same as that used by the Sounding 
reference signal. 
0047. The control channel generator 120 generates a 
physical uplink control channel (PUCCH) for carrying uplink 
control information. 
0048. The data processor 130 processes user data and thus 
generates complex-valued symbols. The physical resource 
mapper 140 maps the Sounding reference signal, the control 
channel, and/or the complex-valued symbols for the user data 
onto physical resources. The physical resources may be 
resource elements or Subcarriers. 
0049. The signal generator 150 generates time-domain 
signals to be transmitted through a transmit antenna 190. The 
signal generator 150 may generate the time-domain signals 
by using a single carrier-frequency division multiple access 
(SC-FDMA) scheme. The time-domain signal output from 
the signal generator 150 is referred to as an SC-FDMA sym 
bol or an orthogonal frequency division multiple access 
(OFDMA) symbol. 
0050. It will be assumed hereinafter that the signal gen 
erator 150 uses the SC-FDMA scheme. However, this is for 
exemplary purposes only, and thus the present invention may 
also apply to other multiple-access Schemes. For example, the 
present invention may apply to various multiple-access 
schemes such as OFDMA, code division multiple access 
(CDMA), time division multiple access (TDMA), and fre 
quency division multiple access (FDMA). 
0051 FIG. 2 is a block diagram of a signal generator 
according to an SC-FDMA scheme. 
0.052 Referring to FIG. 2, a signal generator 200 includes 
a discrete Fourier transform (DFT) unit 220 that performs 
DFT, a subcarrier mapper 230, and an inverse fast Fourier 
transform (IFFT) unit 240 that performs IFFT. The DFT unit 
220 performs DFT on input data and thus outputs frequency 
domain symbols. The subcarrier mapper 230 maps the fre 
quency-domain symbols onto respective Subcarriers. The 
IFFT unit 230 performs IFFT on input symbols and thus 
outputs time-domain signals. 
0053 FIG. 3 shows a structure of a radio frame. 
0054 Referring to FIG. 3, the radio frame includes 10 
subframes. One subframe includes two slots. A time for trans 
mitting one subframe is defined as a transmission time inter 
val (TTI). For example, one subframe may have a length of 1 
ms, and one slot may have a length of 0.5 ms. One slot 
includes a plurality of SC-FDMA symbols in a time domain 
and a plurality of resource blocks in a frequency domain. 
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0055. The radio frame of FIG. 3 is shown for exemplary 
purposes only. Thus, the number of subframes included in the 
radio frame or the number of slots included in the subframe or 
the number of SC-FDMA symbols included in the slot may be 
modified in various manners. 
0056 FIG. 4 shows an example of a resource grid for one 
uplink slot. 
0057 Referring to FIG. 4, the uplink slot includes a plu 

rality of SC-FDMA symbols in a time domain and a plurality 
of resource blocks in a frequency domain. It is shown in FIG. 
4 that one uplink slot includes 7 SC-FDMA symbols and one 
resource block includes 12 subcarriers. However, this is for 
exemplary purposes only, and thus the present invention is not 
limited thereto. 
0058. Each element of the resource grid is referred to as a 
resource element. One resource block includes 12x7 resource 
elements. The number NUL of resource blocks included in 
the uplink slot is dependent on an uplink transmission band 
width determined in a cell. 
0059 FIG. 5 shows a structure of an uplink subframe. 
0060 Referring to FIG. 5, an uplink subframe is divided 
into a control region assigned to a physical uplink control 
channel (PUCCH) for carrying uplink control information 
and a data region assigned to a physical uplink shared channel 
(PUSCH) for carrying user data. A middle portion of the 
subframe is assigned to the PUSCH. Both sides of the uplink 
subframe are assigned to the PUCCH. One UE does not 
simultaneously transmit the PUCCH and the PUSCH. 
0061 Example of the uplink control information transmit 
ted on the PUCCH are an acknowledgment (ACK)/not-ac 
knowledgement (NACK) signal used to perform hybrid auto 
matic repeat request (HARM), a channel quality indicator 
(COI) indicating a downlink channel condition, a scheduling 
request signal used to request uplink radio resource alloca 
tion, etc. 
0062. The PUCCH for one UE uses one resource block 
which occupies a different frequency in each of two slots in 
the subframe. The two slots use different resource blocks (or 
subcarriers) in the subframe. This is said that the two resource 
blocks assigned to the PUCCH are frequency-hopped in a slot 
boundary. It is assumed herein that the PUCCH is assigned to 
the subframe for 4 UEs respectively in association with a 
PUCCH (m=0), a PUCCH (m=1), a PUCCH (m=2), and a 
PUCCH (m=3). 
0063. The PUCCH can support multiple formats. That is, 
the uplink control information having a different bit number 
for each Subframe can be transmitted according to a modula 
tion scheme. For example, when binary phase shift keying 
(BPSK) is used, 1-bit uplink control information can be trans 
mitted on the PUCCH, and when Quadrature phase shift 
keying (QPSK) is used, 2-bit uplink control information can 
be transmitted on the PUCCH. 
0064 FIG. 6 shows a structure of an ACK/NACK channel 
in a subframe. The ACK/NACK channel is a control channel 
for transmitting an ACK/NACK signal on a PUCCH. The 
ACK/NACK signal is 1-bit or 2-bit uplink control informa 
tion. For clarity, it is assumed that one slot includes 7 SC 
FDMA symbols and one subframe includes two slots. When 
a control signal is transmitted in a pre-allocated band, fre 
quency-domain spreading and time-domain spreading are 
simultaneously used to increase the number of multiplexible 
UEs or the number of control channels. 
0065 Referring to FIG. 6, among the 7 SC-FDMA sym 
bols included in one slot, a demodulation reference signal 
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(indicated by RS in the figure) is carried on 3 SC-FDMA 
symbols and the ACK/NACK signal is carried on the remain 
ing 4SC-FDMA symbols. The demodulation reference signal 
is carried on 3 contiguous SC-FDMA symbols. A location 
and the number of symbols used in the demodulation refer 
ence signal may vary. As a result, a location and the number of 
symbols used in the ACK/NACK signal may also vary. The 
ACK/NACK signal is a transmission and/or reception con 
firm signal for downlink data. 
0066. A frequency-domain spreading code is used to 
spread the ACK/NACK signal in the frequency domain. A 
first orthogonal code is used as the frequency-domain spread 
ing code. A Zadoff-Chu (ZC) sequence is one of constant 
amplitude Zero auto-correlation (CAZAC) sequences and is 
used as the first orthogonal code. However, this is for exem 
plary purposes only, and thus other sequences having excel 
lent correlation characteristics can also be used. In particular, 
each control channel can be identified by using a ZC sequence 
having a different cyclic shift value. 
0067. A ZC sequence c(k) having a length of N can be 
generated according to the following equation: 

MathFigure 1 

Mik(k+1) e "N" for odd N Math. 1 
c(k) = 2 

TMk 
e N for even N 

0068 where 0sksN-1, and M is a root index and is a 
natural number equal to or less than N, where N is relatively 
prime to M. This means that, once N is determined, the 
number of root indices is equal to the number of available ZC 
Sequences. 

0069 
follows. 

The ZC sequence c(k) has three characteristics as 

MathFigure 2 

c(k: N, M) = 1 for all k, N, M Math.2 

MathFigure 3 

RM:N (d) = { 1, for d = 0 Math.3 
X O, for di. O 

MathFigure 4 

RM.M:N (d) = p for all M1, M2 Math.4 

0070 Equation 2 shows that the ZC sequence always has 
a magnitude of 1. Equation3 shows that auto-correlation of 
the ZC sequence is indicated by a Dirac-delta function. The 
auto-correlation is based on circular correlation. Equation 4 
shows that cross correlation is always constant. 
0071. The ACK/NACK signal is spread over the frequency 
domain and is undergone IFFT. Thereafter, the ACK/NACK 
signal is spread over the time domain by using a second 
orthogonal code which is a time-domain spreading code. The 
second orthogonal code may be a Walsh code. Herein, spread 
ing is carried out by using 4Walsh codes w0, will, w2, and w8 
for 4 SC-FDMA symbols, respectively. Although the Walsh 
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code is used as the second orthogonal code, other codes 
having excellent correlation characteristics, such as the ZC 
sequence, may also be used. 
0072 Although it has been described that the frequency 
domain spreading is performed before the time-domain 
spreading is performed, this is for exemplary purposes only. 
Thus, the present invention is not limited to the order of 
performing the frequency-domain spreading and the time 
domain spreading. The time-domain spreading may be per 
formed before the frequency-domain spreading is performed. 
The time-domain spreading and the frequency-domain 
spreading may be simultaneously performed by using one 
sequence having a combined format. 
0073. It has been described that the ZC sequence is used as 
the first orthogonal code which is the frequency-domain 
spreading code, and the Walsh code is used as the second 
orthogonal code which is the time-domain spreading code. 
However, the present invention is not limited thereto. Thus, a 
DFT code or other codes having excellent correlation char 
acteristics may also be used. 
0074 The control information may be two-dimensionally 
spread over both the frequency domain and the time domain 
so that more number of UEs can be supported. Assume that 6 
orthogonal codes can be used through cyclic shift when the 
frequency-domain spreading is performed by using the ZC 
sequence. For 3 demodulation reference signals, a total of 
6x3=18 UEs can be supported by using a DFT-based spread 
ing code in the time domain. In this case, the ACK/NACK 
signal to be transmitted uses an orthogonal code having a 
length of 4 as the time-domain spreading code, thereby 
enabling coherent detection. 
0075 FIG. 7 shows a structure of a CQI channel in a 
subframe. The CQI channel is a control channel for transmit 
ting a CQI on a PUCCH. 
0076 Referring to FIG. 7, among 7 SC-FDMA symbols 
included in one slot, a demodulation reference signal (indi 
cated by RS in the figure) is carried on 2 SC-FDMA symbols 
spaced apart from each other by 3 SC-FDMA symbols, and 
the CQI is carried on the remaining 5 SC-FDMA symbols. 
This is for exemplary purposes only, and thus a location and 
the number of SC-FDMA symbols used in the demodulation 
reference signal or a location or the number of symbols used 
in the CQI may vary. When QPSK mapping is performed on 
one SC-FDMA symbols, a 2-bit CQI value can be carried. 
Therefore, a 10-bit CQI value can be carried on one slot. For 
one subframe, a maximum 20-bit CQI value can be carried. In 
addition to the QPSK, the CQI may use other modulation 
schemes, e.g., 16-quadrature amplitude modulation (QAM). 
0077. The CQI is spread over a frequency domain by using 
a frequency-domain spreading code. The frequency-domain 
spreading code may be a ZC sequence. 
0078. Unlike the two-dimensional spreading in the ACK/ 
NACK channel, the CQI channel uses only one-dimensional 
spreading and thus increases COI transmission capacity. 
Although only the frequency-domain spreading is described 
herein as an example, the COI channel may also use time 
domain spreading. 
0079 A specific type of a control signal as well as other 
types of control signals can be multiplexed in one control 
channel. For example, both a COI signal and an ACK/NACK 
signal can be multiplexed in one control channel. 
0080. Now, a subframe structure and a control channel 
structure for transmitting a Sounding reference signal will be 
described. 
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I0081 FIG. 8 shows an example of a subframe for trans 
mitting a sounding reference signal. The Subframe may be an 
uplink Subframe. 
I0082 Referring to FIG. 8, the sounding reference signal is 
transmitted on one SC-FDMA symbol. There is no limit in a 
location and the number of SC-FDMAs in which the sound 
ing reference signal is arranged. Thus, the Sounding reference 
signal may be transmitted in two or more SC-FDMA sym 
bols. The sounding reference signal is transmitted by a UE to 
a BS So that an uplink channel response can be measured as 
accurately as possible for uplink scheduling. The Sounding 
reference signal may be transmitted one time throughout the 
entire uplink frequency band or may be transmitted sequen 
tially several times throughout a plurality of frequency bands. 
I0083. The sounding reference signal occupies one SC 
FDMA symbol in one subframe. Therefore, the sounding 
reference signal is transmitted in any one of two slots. 
Depending on systems, it is not mandatory to transmit the 
Sounding reference signal in every subframe. The Sounding 
reference signal may be periodically or non-periodically 
transmitted. 

I0084 AUE cannot simultaneously transmit a PUCCH and 
a PUSCH. Therefore, the UE can simultaneously transmit the 
sounding reference signal and the PUCCH and also can 
simultaneously transmit the Sounding reference signal and 
the PUSCH, but cannot simultaneously transmit the sounding 
reference signal, the PUCCH, and the PUSCH. 
I0085. The sounding reference signal can be transmitted in 
a specific SC-FDMA symbol of a first slot adjacent to a 
second slot. This is for exemplary purposes only, and thus the 
Sounding reference signal may be transmitted in any SC 
FDMA symbols of the first slot. For example, the sounding 
reference signal may be transmitted in a first SC-FDMA 
symbol or a last SC-FDMA symbol in the subframe. 
I0086 Orthogonality of control information transmitted on 
the control channel can be maintained when neither the 
demodulation reference signal nor any other control informa 
tion is multiplexed in the SC-FDMA symbol on which the 
Sounding reference signal is transmitted. That is, in the ACK/ 
NACK channel or the CQI channel, systems are managed by 
designing a channel format such that none of the ACK/NACK 
signal, the COI, and the demodulation reference signal is 
arranged in the SC-FDMA symbol on which the sounding 
reference signal is arranged. Alternatively, the systems are 
managed so that a resource region is not generated in which 
the control information and the Sounding reference signal 
overlap with each other. For this, when the resource region 
(e.g., SC-FDMA symbol) in which the sounding reference 
signal is assigned is pre-arranged with the ACK/NACK signal 
or the COI, the overlapping resource region is punctured. 
I0087. It is possible to allow the sounding reference signal 
not to be transmitted through the resource block allocated 
with the PUCCH. Alternatively, the sounding reference signal 
may be transmitted through the resource block allocated with 
the PUCCH. 

0088 FIG.9 shows a structure of an ACK/NACK channel 
that can be transmitted simultaneously with a sounding ref 
erence signal. 
I0089 Referring to FIG. 9, a sounding reference signal is 
transmitted on one SC-FDMA symbol of a first slot. One of 
SC-FDMA symbols for transmitting an ACK/NACK signal is 
punctured. The ACK/NACK signal is asymmetrically spread 
between two slots. This is because the ACK/NACK signal is 



US 2010/01 35273 A1 

spread throughout 3 SC-FDMA symbols in the first slot and is 
spread throughout 4 SC-FDMA symbols in a second slot. 
0090. In a pair of slots, spreading is performed by using 
orthogonal sequences each having a different length. For 
example, in the first slot, a spreading sequence (wo, w, w) 
can be selected from a set of spreading sequences {(1, 1, 1), 
(1, e?", e."), (1, e", e?"). In the second slot, a 
spreading sequence (wo, w, w, w) can be selected from a 
set of spreading sequences {(1,1,1,1), (1,-1, 1, -1), (1,-1, 
-1, 1)}. 
0091. The sounding reference signal can use a ZC 
sequence and is mapped to an SC-FDMA symbol after per 
forming IFFT. Herein, as an example of using a frequency 
domain signal as the Sounding reference signal, IFFT is per 
formed on the Sounding reference signal. However, when a 
time-domain signal is used as the sounding reference signal, 
IFFT may not be performed. 
0092. In the ACK/NACK channel, the ACK/NACK signal 

is spread over both time domain and frequency domain. 
Therefore, to preserve orthogonality of the ACK/NACK sig 
nal, there should be no UE that transmits the ACK/NACK 
signal on the SC-FDMA symbol for transmitting the sound 
ing reference signal. That is, in a case where the Sounding 
reference signal and the ACK/NACK signal are simulta 
neously transmitted, all UEs within a cell use the ACK/NACK 
channel having the same puncture structure. 
0093. Herein, a last SC-FDMA symbol of the first slot is 
punctured for the Sounding reference signal. However, a loca 
tion of the punctured SC-FDMA symbol is not limited 
thereto. Therefore, for the sounding reference signal, the 
punctured SC-FDMA symbol may be a first SC-FDMA sym 
bol of the first slot or a last SC-FDMA symbol of the second 
slot. 

0094 FIG. 10 shows a structure of a COI channel that can 
be transmitted simultaneously with a Sounding reference sig 
nal 
0095 Referring to FIG. 10, a sounding reference signal is 
transmitted on one SC-FDMA symbol of a first slot. One of 
SC-FDMA symbols for CQI transmission is punctured. The 
CQI is asymmetrically spread within one subframe. This is 
because the CQI is spread throughout 4SC-FDMA symbols 
in the first slot and is spread throughout 5SC-FDMA symbols 
in a second slot. 
0096. The sounding reference signal can use a ZC 
sequence and is mapped to an SC-FDMA symbol after per 
forming IFFT. Unlink in the ACK/NACK channel, the CQI is 
spread only over a frequency domain. Thus, even if one UE 
simultaneously transmits the Sounding reference signal 
together with the CQI, other UEs can use the existing CQI 
channel without alteration. Although the Sounding reference 
signal and the CQI are simultaneously transmitted, it is not 
necessary for all UEs within the cell to use the same struc 
tured CQI channel. 
0097. As described above, a control channel that can be 
transmitted simultaneously with the Sounding reference sig 
nal has a different structure from a control channel that cannot 
be transmitted simultaneously with the Sounding reference 
signal. The control channel that cannot be transmitted simul 
taneously with the Sounding reference signal is referred to as 
a symmetric control channel or a type-1 control channel. This 
is because, as shown in FIGS. 6 and 7, resource regions 
assigned to each of slots have the same size with respect to 
control information. In comparison thereto, the control chan 
nel that can be transmitted simultaneously with the sounding 
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reference signal is referred to as an asymmetric control chan 
nel or a type-2 control channel. This is because, as shown in 
FIGS. 9 to 10, resource regions assigned to each slot have 
different sizes with respect to the control information. 
0098. Now, operations of a sounding reference signal and 
a control channel will be described. 
0099. According to a proposed PUCCH structure, in a 
resource region (i.e., an SC-FDMA symbol) through which 
the sounding reference signal is transmitted, control informa 
tion is punctured so that the control information and the 
Sounding reference signal are not simultaneously transmitted 
through the same resource region. For example, an ACK/ 
NACK signal and the Sounding reference signal are not simul 
taneously transmitted on the same SC-FDMA symbol. Fur 
ther, a COI and the Sounding reference signal are not 
simultaneously transmitted on the same SC-FDMA symbol. 
Furthermore, a signal, in which the ACK/NACK signal and 
the CQI are multiplexed, and the Sounding reference signal 
are not simultaneously transmitted on the same SC-FDMA 
symbol. Herein, the term simultaneously means that signals 
are overlapped over time domain and/or frequency domain. 
0100 When the sounding reference signal is transmitted 
on a sounding SC-FDMA symbol, only the sounding refer 
ence signal is transmitted on the sounding SC-FDMA sym 
bol. It can be said that the sounding SC-FDMA symbol is 
obtained by puncturing one SC-FDMA symbol in a PUCCH. 
In a resource region affected by the transmission of the sound 
ing reference signal, a specific UE (in case of a COI channel) 
or all UEs (in case of an ACK/NACK channel) configures a 
control channel by using the remaining SC-FDMA symbols 
other than the sounding SC-FDMA symbol. 
0101 FIG. 11 shows an example of simultaneous trans 
mission of a sounding reference signal and ACK/NACK 
information in a subframe. 
0102 Referring to FIG. 11, when a first UE (hereinafter, 
simply referred to as a UE1) transmits a sounding reference 
signal (hereinafter, simply referred to as an SRS) on a 
sounding SC-FDMA symbol, the UE1 does not transmit an 
ACK/NACK signal on the sounding SC-FDMA symbol in 
order to preserve a single carrier characteristic of an SC 
FDMA. Further, in order to maintain orthogonality, other 
UEs cannot transmit the SRS on the sounding SC-FDMA 
symbol. 
(0103) When the ACK/NACK signal and the SRS are 
simultaneously transmitted, in order to maintain orthogonal 
ity with respect to one UE, another control information 
should not be transmitted at a time when another UE transmits 
the sounding SC-FDMA symbol. In addition, the signals 
should not overlap with each other in a frequency domain. 
0104. The SRS and the uplink control information (par 
ticularly, the ACK/NACK signal) can be multiplexed and 
transmitted in various manners as follows. 

FIRST EMBODIMENT 

Operation of Two-Types of Pucchs 

0105. Two types of PUCCHs are defined according to 
coexistence with an SRS in one subframe. For example, a 
type-1 control channel (or a symmetric control channel) can 
not coexist with the SRS, and a type-2 control channel (or an 
asymmetric control channel) can coexist with the SRS. 
0106 FIG. 12 shows an example of the two-types of 
PUCCHs. The type-1 control channel is a general PUCCH 
which is used for an ACK/NACK channel when it is not 
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necessary to simultaneously transmit an ACK/NACK signal 
and the SRS in at least one resource block of an arbitrary 
subframe. During the subframe in which the type-1 control 
channel is used, another UE can transmit the SRS by using the 
resource block. The type-2 control channel is an optional 
PUCCH provided in consideration of the transmission of the 
SRS. A first slot includes an SC-FDMA symbol that is punc 
tured to transmit the SRS. A spreading factor (SF) of a region 
for transmitting the ACK/NACK signal is 3 in the first slot and 
is 4 in a second slot. 
0107. In order for a BS to successfully receive the SRS, a 
scheduling scheme or a predetermined rule is required so that 
UEs do not use both the type-1 control channel and the type-2 
control channel together in the same resource block. Different 
types of control information can be used in different resource 
blocks. 
0108 FIG. 13 shows an example for describing a case 
where a UE can know the presence of signaling from a BS 
without the aid of other elements and an opposite case. If the 
UE in the cell knows SRS transmission timings for both the 
UE itself and other UEs, additional Scheduling or signaling is 
unnecessary. This is because the UEs can autonomously 
select a PUCCH type on the basis of the SRS transmission 
timings. The UEs in the cell simultaneously transmit an ACK/ 
NACK signal and an SRS on a type-2 control channel in a first 
subframe, and transmit the ACK/NACK signal on the type-1 
control channel in an N-th subframe. In this case, the type-1 
control channel and the type-2 control channel do not coexist 
in one subframe. 
0109 FIG. 14 shows an example of a case where a type-1 
control channel and a type-2 control channel do not coexist in 
one subframe. In an N-th subframe, an SRS is not transmitted 
on the type-1 control channel. When the type-2 control chan 
nel is used in an (N+1)-th subframe, uplink control informa 
tion and the SRS can be simultaneously transmitted. 
0110. In addition, system operations can be carried out by 
predetermining a ratio according to the types of control chan 
nels described in the embodiments of FIGS. 13 and 14. For 
example, if the type-1 control channel is used in first trans 
mission, the type-2 control channel can be used in second and 
third transmissions so that a ratio of the type-1 control chan 
nel to the type-2 control channel is 1:2. For another example, 
the two types of control channels may be alternately used so 
that the ratio of the type-1 control channel to the type-2 
control channel can be 1:1 or another ratio. 
0111 FIG. 15 shows another example of a case where a 
type-1 control channel and a type-2 control channel do not 
coexist in one subframe. In an N-th subframe, an SRS is not 
transmitted on the type-1 control channel. When the type-2 
control channel is used in an (N+1)-th subframe, uplink con 
trol information and the SRS can be simultaneously transmit 
ted. In this case, since a sounding SC-FDMA symbol is not 
punctured in the type-2 control channel, the SRS can be 
transmitted at one time on a PUCCH and a PUSCH. This is an 
example for showing how the SRS can be transmitted effi 
ciently in a typical situation where a plurality of resource 
blocks have to be used due to the increase in the number of 
control channels or where the resources blocks have to be 
asymmetrically allocated at both sides of a frequency domain. 
In this situation, the SRS is transmitted throughout the entire 
band. 
0112 FIG. 16 shows an example for describing different 
types of operations. UEs belonging to a group 1 may use a 
type-1 control channel. UEs belonging to a group 2 may use 
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a type-2 control channel. Thus, the type-1 control channel and 
the type-2 control channel can coexistin one subframe. In this 
case, the SRS is transmitted through only the remaining 
regions (e.g., inner regions) other than regions used by the 
control channels. The remaining regions can be defined in 
various manners. This is because the number of resource 
blocks used by the control channels varies. Thus, the remain 
ing regions may be defined such that a bandwidth of the SRS 
varies along with the variation of the number of resource 
blocks. Further, an arbitrary in-band may be determined and 
used in the operations. Various operation methods can be 
provided to facilitate operations of a Sounding band. For 
example, if the control channels use M resource blocks out of 
a total of N resource blocks, the SRS is transmitted by using 
approximately (N-M) sounding bands. Exact adjustment a 
value of (N-M) may be difficult. In this case, an approximate 
value may be used to facilitate transmission and multiplexing 
of the SRS. 

0113. A sounding indicator is a field by which a BS 
informs the UE of a control channel type. The sounding 
indicator may be a part of system information and may be 
transmitted by using a broadcast channel, a downlink control 
channel, a radio resource control (RRC) message, etc. The 
Sounding indicator may be periodically or occasionally trans 
mitted. Further, the Sounding indicator may be transmitted at 
the request of the UE or irrespective of the request of the UE. 
0114. There is no limit in a bit number of the sounding 
indicator. Since two-types of control channels are provided, 
the Sounding indicator can be represented in one bit. A 1-bit 
Sounding indicator may have a value corresponding to “ON” 
or 'OFF, wherein “ON” indicates the use of an asymmetric 
control channel and OFF indicates the use of a symmetric 
control channel. This means that, if the Sounding indicator 
indicates “ON”, the UE can simultaneously transmit uplink 
control information on the asymmetric control channel and 
the SRS on a sounding SC-FDMA symbol. 
0115 FIG. 17 is a flow diagram of a method of transmit 
ting an SRS by using a sounding indicator. In step S310, a BS 
transmits the sounding indicator to a UE. In step S320, the UE 
can perform the following operations according to indica 
tions of the Sounding indicator. 
0116. When the sounding indicator indicates “ON”, the 
UE operates as follows. (1) To transmit uplink control infor 
mation (e.g., an ACK/NACK signal), the UE transmits the 
uplink control information through a PUCCH (i.e., an asym 
metric control channel) in which a sounding SC-FDMA sym 
bol is punctured, and simultaneously, transmits the SRS 
through the sounding SC-FDMA symbol. (2) If uplink data 
exists, the UE transmits the uplink data and/or a control signal 
through the PUSCH. However, the UE does not transmit the 
uplink data or the control signal on an SC-FDMA symbol 
through which the SRS is transmitted in one subframe. A 
band through which the SRS is transmitted in practice may be 
narrower than a predetermined band. Therefore, if there is a 
remaining resource after the SRS is transmitted, this may be 
informed so that the remaining resource can be used in data 
transmission. 

0117. When the sounding indicator indicates OFF, the 
UE operates as follows. (1) To transmit uplink control infor 
mation, the UE transmits the uplink control information 
through a general PUCCH (i.e., a symmetric control chan 
nel). (2) If uplink data exists, the UE transmits the uplink data 
and/or control information through a PUSCH. 
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0118 FIG. 18 shows an example of coexistence between a 
type-1 control channel and a type-2 control channel in one 
subframe. A sounding SC-FDMA symbol is punctured in the 
type-2 control channel. Thus, an SRS can be transmitted on 
the sounding SC-FDMA symbol through a PUSCH and a 
PUCCH. The SRS is not transmitted on the type-1 control 
channel. 
0119 FIG. 19 shows another example of coexistence 
between a type-1 control channel and a type-2 control chan 
nel in one subframe. As the type-1 control channel is added, a 
region is reduced in which an SRS is transmitted on a sound 
ing SC-FDMA symbol. 

SECONDEMBODIMENT 

Scheduling Performed by BS 
0120 ABS performs scheduling so that UEs do not simul 
taneously transmit uplink control information and an SRS. 
0121 FIG. 20 shows an example of a scheduling method 
performed by a BS. If a UE1 intends to transmit an SRS in a 
specific subframe, the BS prevents the UE1 from transmitting 
an ACK/NACK signal on a PUCCH in the subframe. Instead, 
the BS schedules so that another UE other than the UE1 
transmits the ACK/NACK signal in the subframe. That is, the 
BS schedules so that one UE cannot simultaneously transmit 
the SRS in one subframe and uplink control information on a 
PUCCH. This can be achieved by using additional signaling 
or by transmitting a predetermined SRS. 
0122. On the contrary, if there is no need to limit the 
downlink transmission for the UE1, the BS can prevent the 
SRS from being transmitted in the subframe. 

THIRD EMBODIMENT 

Operation of Single-Type PUCCH 

0123. A PUCCH in use can be designed so that uplink 
control information and an SRS are not transmitted through 
the same resource region. The PUCCH has the same structure 
irrespective of whether the SRS is transmitted or not. That is, 
irrespective of whether the SRS is transmitted or not, the 
PUCCH has a structure in which the SRS is transmitted 
through only a specific resource region and the control signal 
is transmitted through only the remaining resource regions 
other than the specific resource region under the assumption 
that the specific resource region (e.g., SC-FDMA symbol(s)) 
designated only for SRS transmission is always used when 
the SRS is transmitted. 
0.124 For this, the aforementioned asymmetric control 
channel structure can be used as a fixed PUCCH structure. For 
example, in the ACK/NACK channel, a first slot uses 3 
demodulation reference signal symbols and 3 ACK/NACK 
symbols, and the remaining one symbol is punctured to be 
dedicated for the SRS. A second slot uses 3 demodulation 
reference signal symbols and 4 ACK/NACK symbols. 

FOURTHEMBODIMENT 

0.125 UEs can be grouped into a plurality of groups, and 
an SRS can be transmitted based on the groups. A group of 
UEs that transmit the SRS does not transmit a control signal 
in a corresponding subframe. 
0126 FIG. 21 shows an example of transmission of an 
SRS with respect to 4 UE groups. Herein, UEs are grouped 
into 4 groups (i.e., a first group, a second group, a third group. 
and a fourth group). The number of UEs included in each 
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group may be at least one. The 4 groups are for exemplary 
purposes only, and thus the present invention is not limited 
thereto. 
I0127. In FIG.21, it is assumed that at least one UE belong 
ing to the group 1 transmits an SRS in a first subframe. In the 
first Subframe, a control channel is not assigned to the UE 
belonging to the group 1 and is assigned to UES belonging to 
the remaining groups 2, 3, and 4. The SRS is transmitted by 
using only a resource region except for the control channel. 
The present embodiment conforms to a rule in which a control 
signal and the SRS are not multiplexed in the same resource 
region. 
I0128. Likewise, in a second subframe, a UE belonging to 
the group 2 transmits the SRS, and the control channel is 
assigned to UES belonging to the groups 1, 3, and 4. In a third 
subframe, a UE belonging to the group 3 transmits the SRS, 
and the control channel is assigned to UES belonging to the 
groups 1, 2, and 4. In a fourth subframe, a UEbelonging to the 
group 4 transmits the SRS, and the control channel is assigned 
to UES belonging to the groups 1, 2, and 3. 
0129. In this manner, 4 subframes are transmitted, and 
thus the SRS can be transmitted for all groups. 
0.130 FIG. 22 shows an example of transmission of an 
SRS with respect to 9 UE groups. In comparison with the 
embodiment of FIG. 21, more groups (i.e., groups 1 to 9) are 
provided, and more resource blocks (or simply referred to as 
RBs) are assigned to a control region. 
I0131 Referring to FIG. 22, if an SRS of a group 1 is 
transmitted in a first subframe, UEs belonging to the remain 
ing groups 2 to 9 other than the group 1 can transmit control 
information on a control channel while the SRS is transmit 
ted. The SRS of the group 1 and the control channel of the 
remaining groups use mutually exclusive resource regions 
instead of simultaneously using the same resource region. 
The resource regions allocated to the control channel for the 
groups 2 to 9 are shown for exemplary purposes only, and thus 
the present invention is not limited to this arrangement. 
I0132) Ifan SRS of the group 2 is transmitted in the second 
Subframe, UES belonging to the remaining groups other than 
the group 2 can transmit the control information on the con 
trol channel while the SRS is transmitted. Unlike in the first 
subframe, it can be seen that the number of RBs allocated to 
the control region decreases at both sides and also an index of 
an allocated group varies in the control region. 
0.133 FIG. 23 shows another example of transmission of 
an SRS with respect to 9 UE groups. 
I0134) Referring to FIG. 23, if an SRS of a group 1 is 
transmitted in a first subframe, UEs belonging to the remain 
ing groups 2 to 9 other than the group 1 can transmit control 
information on a control channel while the SRS is transmit 
ted. In comparison with the embodiment of FIG. 21 in a first 
slot and a second slot, the control channels for the remaining 
groups are symmetrically arranged in a frequency domain. 
0.135 Scheduling can be performed in every subframe. 
Thus, the number of RBs allocated to the control region in 
every subframe, an index of a group that transmits a control 
signal, a location of a symbol or a group of symbols for 
transmitting the SRS, and a resource region range can be 
occasionally changed. 
0.136 Basically, in the aforementioned method, a configu 
ration can be modified in a subframe unit, and there is a need 
to support this characteristic. If the number of RBs allocated 
to the control region changes, the resource region allocated to 
the SRS associated therewith may also change. The increase 
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in the number of RBs allocated to the control region may 
result in the decrease in the size of the resource region allo 
cated to the SRS. When the resource region allocated to the 
SRS decreases, a multiplexing scheme used between UEs and 
applied to the SRS of each UE may also change. That is, the 
multiplexing scheme and a hopping scheme need to be modi 
fied between the SRSs. This information may be delivered 
through downlink signaling. In addition, this information 
may be obtained by using information regarding uplink con 
trol channel allocation. 
0.137 Now, various examples of multiplexing of an SRS 
and uplink control information and transmission of the mul 
tiplexed signal will be described. 
0138 FIG. 24 shows an example of transmission of an 
SRS. The control information is transmitted on a type-2 con 
trol channel, and simultaneously, the SRS is transmitted on a 
punctured sounding SC-FDMA symbol. In this case, the SRS 
can be transmitted not only on a PUCCH but also a PUSCH. 
0139 FIG. 25 shows another example of transmission of 
an SRS. A type-2 control channel is used, and the SRS is 
transmitted throughout the entire band on a Sounding SC 
FDMA symbol. 
0140 FIG. 26 shows a type-1 control channel and a type-2 
control channel when using a COI channel. The type-1 con 
trol channel is a general PUCCH that is used by a COI when 
the SRS does not need to be transmitted. During a subframe in 
which the type-1 channel is used, other UEs cannot transmit 
the SRS throughout the entire bandwidth. The type-2 control 
channel is an optional PUCCH provided in consideration of 
the transmission of the SRS. If the SC-FDMA symbol punc 
tured for the transmission of the SRS is arranged in a first slot, 
the number of SC-FDMA symbols used for CQI transmission 
is 4 in the first slot and 5 in a second slot. 
0141 FIG. 27 shows an example of simultaneous trans 
mission of a COI and an SRS. A sounding SC-FDMA symbol 
is punctured in a type-2 control channel. Thus, the SRS can be 
transmitted on the sounding SC-FDMA symbol through a 
PUSCH and a PUCCH. The SRS is not transmitted through a 
region except for the type-2 control channel. Only a UE that 
transmits the SRS uses the type-2 control channel. Other UEs 
can transmit the CQI on a type-1 control channel. 
0142 FIG. 28 shows another example of simultaneous 
transmission of a COI and an SRS. A sounding SC-FDMA 
symbol is punctured in a type-2 control channel. Thus, the 
SRS can be transmitted on the sounding SC-FDMA symbol 
through a PUSCH. Only a UE that transmits the SRS uses the 
type-2 control channel. Other UEs can transmit CQI on a 
type-1 control channel. 
0143. If the CQI and the SRS are simultaneously transmit 

ted, the type-1 control channel and the type-2 control channel 
can always coexist in one subframe. This provides conve 
nience in terms of scheduling performed by a BS. 
0144) Unlike ACK/NACK, the CQI requires that the SC 
FDMA symbol is punctured only for a user which simulta 
neously transmits the SRS and the CQI. Another user which 
shares the same puncture location can transmit the COI in a 
typical format without having to puncture and without affect 
ing orthogonality. Therefore, system operations can be fur 
ther facilitated in comparison with the case where the ACK/ 
NACK and the SRS are simultaneously transmitted. 
0145 The steps of a method described in connection with 
the embodiments disclosed herein may be implemented by 
hardware, software or a combination thereof. The hardware 
may be implemented by an application specific integrated 
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circuit (ASIC) that is designed to perform the above function, 
a digital signal processing (DSP), a programmable logic 
device (PLD), a field programmable gate array (FPGA), a 
processor, a controller, a microprocessor, the other electronic 
unit, or a combination thereof. A module for performing the 
above function may implement the software. The software 
may be stored in a memory unit and executed by a processor. 
The memory unit or the processor may employ a variety of 
means that is well known to those skilled in the art. 
0146. As the present invention may be embodied in several 
forms without departing from the spirit or essential charac 
teristics thereof, it should also be understood that the above 
described embodiments are not limited by any of the details of 
the foregoing description, unless otherwise specified, but 
rather should be construed broadly within its spirit and scope 
as defined in the appended claims. Therefore, all changes and 
modifications that fall within the metes and bounds of the 
claims, or equivalence of such metes and bounds are intended 
to be embraced by the appended claims. 

1-20. (canceled) 
21. A method for transmitting a reference signal in a wire 

less communication system, the method comprising: 
transmitting control information and a first reference signal 

from a mobile terminal to a network in a subframe via a 
plurality of single carrier-frequency division multiple 
access (SC-FDMA) symbols: 

reserving one of the plurality of SC-FDMA symbols in the 
Subframe for transmitting a second reference signal; and 

transmitting the second reference signal via the reserved 
SC-FDMA symbol if the second reference signal to be 
transmitted to the network exists in the mobile terminal, 

wherein the control information, the first reference signal 
and the second reference signal are transmitted to the 
network in the same subframe. 

22. The method of claim 21, wherein the second reference 
signal is transmitted on a portion of the reserved SC-FDMA 
symbol corresponding to a physical uplink control channel 
(PUCCH) or a physical uplink shared channel (PUSCH). 

23. The method of claim 21, wherein the second reference 
signal is transmitted on a portion of the reserved SC-FDMA 
symbol corresponding to both a physical uplink control chan 
nel (PUCCH) and a physical uplink shared channel 
(PUSCH). 

24. The method of claim 21, wherein the second reference 
signal is a sounding reference signal and first reference signal 
is a demodulation reference signal. 

25. The method of claim 21, wherein the subframe com 
prises two slots. 

26. The method of claim 25, wherein the control informa 
tion in one of the two slots is transmitted on a frequency 
different from a frequency on which the control information 
in the other of the two slots is transmitted. 

27. The method of claim 25, wherein the control informa 
tion is spread by orthogonal sequences with different lengths 
in each of the two slots in the subframe. 

28. The method of claim 27, wherein the control informa 
tion in one of the two slots is spread by spreading factor 3, and 
the control information in the other of the two slots is spread 
by spreading factor 4. 

29. The method of claim 27, wherein the length of the 
orthogonal sequence of one of the two slots including the 
reserved SC-FDMA symbol for transmitting the second ref 
erence signal is shorter than the length of the orthogonal 
sequence of the other of the two slots. 
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30. The method of claim 21, wherein the last SC-FDMA 
symbol in the subframe is reserved for transmitting the sec 
ond reference signal. 

31. The method of claim 21, wherein the control informa 
tion is a channel quality information (CQI) or a acknowledg 
ment (ACK)/non-acknowledgment (NACK) signal used in a 
hybrid automatic repeat request (HARQ) scheme. 

32. A method for transmitting a reference signal in a wire 
less communication system, the method comprising: 

transmitting control information and a first reference signal 
from the mobile terminal to the networkina subframe on 
a first number of single carrier-frequency division mul 
tiple access (SC-FDMA) symbols if no second reference 
signal exists for transmission; and 

transmitting the control information and the first reference 
signal from the mobile terminal to the network in a 
subframe on a second number of SC-FDMA symbols if 
a second reference signal exists for transmission, 

wherein the control information and the first reference 
signal on the second number of SC-FDMA symbols, and 
the second reference signal are transmitted to the net 
work in the same subframe. 

33. The method of claim32, wherein the second number of 
SC-FDMA symbols is one symbol less than the first number 
of SC-FDMA symbols. 

34. The method of claim 32, further comprising transmit 
ting the second reference signal to the network via a reserved 
SC-FDMA symbol not included in the second number of 
SC-FDMA symbols. 

35. The method of claim 34, wherein the second reference 
signal is transmitted on a portion of the reserved SC-FDMA 
symbol corresponding to a physical uplink control channel 
(PUCCH) or a physical uplink shared channel (PUSCH). 
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36. The method of claim 34, wherein the second reference 
signal is transmitted on a portion of the reserved SC-FDMA 
symbol corresponding to both a physical uplink control chan 
nel (PUCCH) and a physical uplink shared channel 
(PUSCH). 

37. The method of claim 32, wherein the second reference 
signal is a sounding reference signal and first reference signal 
is a demodulation reference signal. 

38. The method of claim 32, wherein the subframe com 
prises two slots. 

39. The method of claim 38, wherein the control informa 
tion in one of the two slots is transmitted on a frequency 
different from a frequency on which the control information 
in the other of the two slots is transmitted. 

40. The method of claim 38, wherein the control informa 
tion is spread by orthogonal sequences with different lengths 
in each of the two slots in the subframe. 

41. The method of claim 40, wherein the control informa 
tion in one of the two slots is spread by spreading factor 3, and 
the control information in the other of the two slots is spread 
by spreading factor 4. 

42. The method of claim 40, wherein the length of the 
orthogonal sequence of one of the two slots including the 
reserved SC-FDMA symbol for transmitting the second ref 
erence signal is shorter than the length of the orthogonal 
sequence of the other of the two slots. 

43. The method of claim 32, wherein the last SC-FDMA 
symbol in same Subframe is reserved for transmitting the 
second reference signal. 

44. The method of claim 32, wherein the control informa 
tion is a channel quality information (CQI) or an acknowl 
edgment (ACK)/non-acknowledgment (NACK) signal used 
in a hybrid automatic repeat request (HARO) Scheme. 
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